Domain structure and interactions of the type I and type II modules in the gelatin-binding region of fibronectin. All six modules are independently folded.
The gelatin-binding region of fibronectin is isolated easily as a stable and functional 42 kDa fragment containing four type I "finger" modules and two type II "kringle-like" modules arranged in the order I6-II1-II2-I7-I8-I9. This fragment exhibits a single reversible melting transition near 64 degrees C in TBS buffer (0.02 M-Tris buffer containing 0.15 M-NaCl, pH 7.4). The transition is characterized by a calorimetric to van't Hoff enthalpy ratio of 1.6, suggesting a complex domain structure. A 30 kDa fragment with the same NH2 terminus (I6-II1-II2-I7) melts reversibly near 65 degrees C with delta Hcal/delta HvH = 1.3, also consistent with the presence of more than one domain. To elucidate further the domain structure, three non-overlapping subfragments were prepared and characterized with respect to their unfolding induced by heat and guanidinium chloride. The three subfragments, each containing two modules, are designated from amino or carboxyl-terminal location as 13 kDa (I6-II1) 16 kDa (II2-I7) and 21 kDa (I8-I9) according to their apparent Mr in SDS/polyacrylamide gel electrophoresis. All three subfragments exhibited reversible transitions in TBS buffer, behaving in the calorimeter as single co-operative units with delta Hcal/delta HvH close to unity. However, the specific enthalpies and changes in heat capacity associated with the melting of all fragments and subfragments in TBS buffer were low compared to those of most compact globular proteins, suggesting that not all modules are represented. When titrated with guanidinium chloride at 25 degrees C, all fragments exhibited monophasic reversible unfolding transitions detected by changes in fluorescence. Heating in the presence of 6 M-guanidinium chloride revealed three additional transitions not seen in the absence of denaturants. These transitions have been assigned to three of the four type I finger modules (I6, I7 and I9), one of which (I6) was isolated and shown to retain a compact structure as stable as that observed for this module within the parent fragments. Two other modules (II2 and I7) are destabilized when separated from their neighbors. Thus, despite their small size (50 to 60 amino acid residues), all six of the modules in the gelatin-binding region of fibronectin form independently folded domains, three of which (I6, I7 and I9) are unusually stable. Evidence is provided that four of the six modules interact with each other in the parent fragment. This interaction may explain previously noted disruptions in the otherwise uniform strand-like images seen in electron micrographs of fibronectin.